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FOREWORD

This publication was originally prepared and published at the request of the
Department of Housing and Urban Development (HUD) by the U.S. Department
of Agriculture under the Point Four Program for the use of those actively
sngaged or interested in the development or improvement of the use of bambco.
it is not an exhaustive treatment of the subject; but it does present critical
features and principles.

J: Robert Dodge; formerly of the HUD staff and Harold R. Hay aud Stephe:
Arneson former HUD staff members suppliec informatiza and suggestipns
‘1A contribited to the development of the subject:

G rateful acknowledgement is made to Grabam Quate, former United States

Agricultural Attache;, Bangkok; Thailand, for permission to reproduce his
photographs; and to Carl O. Erlanson, New Crops Research Branch, Crops

. Research Division, Agricultural Research Service, United States Depariment

of Agriculture, for permission to use a photograph by Howard Dorsett. Edward
Beckwith supplied the photograph of the Torodja house in the centrnl Celebes,
which is used as the frontispiece; it was originally published in David Fair-
child's book, The World Grows Round My Door, and permission to rep roduce

it was granted by Scribners. H.E. Glenn, Vice-Director, Engineering Experi-
mert Station, Clemson Agricultural College; South Carclina, granted permission
to quote extensively from his bulletin, Bamboo Reinforcement of Portland Cement

Concrete Structures: Virgil C. Pettit prepared the line drawings that bear iis
initials. s
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Introduction

Hamboo is one of the oldest materials used

by mankind to increase comiort and well-
being. In today's world of plastlcs and steel;

bairihoo continues to make its age-old con-
tributions and is even growing in importance.
Programs of technical cooperation among
nations are giving recognition to the un\que
qualities of bamboo and are bnngmg about a

broad sharing of the varieties of bamboo and

thé knowledge pertaining to their use. In six

Latin American countries, projects are going —

forward today to test and select outstanding

Jarieties of bammboo gathered from over the

worid and to determine their potential place
These projects, now a

in local economies.

part of the Point Four program of technical

coe- wratien, have been under way for a num-

ber of ‘years and aome of them have devel-

usctuln-us has becoine obvious and challeng-
ing.

Bamboo is a versatile plant matenal
whose potential can be harnessed in the ser-
vice of the humble as well as the great. In

its adzxptqptihity? to hurnan needs; it has few
peers in the plant kingdom. In the Occident
as well as the Orient, the proples in whose

[

envn‘onment baniboo is a natural feature

have ampxy demonstrated its claim to a spe-
cial place in their everyday lile.
As technical cooperiion continges to

smgle out spe(.xés with outstqndmg utili ty,

and to disseminete thern more widely, along
with the old skiils and the new <echnigues
csaential to tlieir practical use; the lot of

How undérpnvxlecved people will defi-

[y be improved. “With a {ew plants of

- &uperior bamboos in the backyard, & farily

will have at hand the wherewithal to fence

the garden, build a pigpen or chicken coop,

or add a r 66;\ io ‘he house They wlll also

incomc by rnak ng baskets or other speciel-
ties {n spare tin:s for sale or ¢ xchange at

the market. ,
If techniques of large scale, mechanized

utilization can be devebp‘.d—as for example.

ruyon—-ne@ industries and increased national
income may be brought to underdeveldpéd

areas, [t is with these prospects in view

that Farmr oo is being used as one of the ve-

hic.es for implementiug the Point Four pro-



Parts of a House for Which

Bamboo may be uscd alone to make all
"iri:plat"e and tie
5, However,

)Arb of a ﬁbi!i.i; i;ibo:xit the

chimney,
bamboo 14 rctuully con.bmed with
h\nldmg trinterials: such as wood, clay, Imwe.
galvanized iron, and palin leaves,

avaxl-

other

cernent;

according to taeir relative auitability,
nbxhtv and cost.

The wuse of bemboo either as a primary;

,econdnry, or occasional source of building
material is common only in areas where
suitabie bamboos grow in suff:cient Ebtmd—

dnice. Importance of barnboo in any given

arec usually is deterrnined chiefly by the
eccnomic level of the common people and

by the cost of other, more durable, materi-

Striuctural soundness adequate to the

als:

exigencies of local conditions is commonly
achieved with bamboo, bit a general morot-
ony of design and & mediccre level of exe-

cution ¢havacterize bamboo houses in many
areas. In certain cultural areas, however,
and especially at higher economic levels,

as among the well-to-do classes of japan

Java, and Malaysriar bamboo {s employed

architecturally in ways EE;E E;E distirict:ve
and busxcally artistic. Cohen

a'ludes’to this recogmnor of bamboo s
‘*The principal post in a

spe~ial virtues:
jar anese house charactenzes the house

and cnaol- a properly constructed noase to

stand op to earthquakes and tremors. The

wnter has éeen many ho.xses in which the

which & s‘5ut tifiiber pos" {5 given more

character by being faccd witH ban'ibo..,. l/

rml Research Orgam-
April

i§47.

2

Bamiboos Are Suitable

pes Léi‘ know'iedge of; and aevotion to; the

orinciples of functional desigi. with =.
awareness of the possyibiliti 5 of ‘A:A':Bbd
as a buiiding material of st :
besity. B"“"b at artist as welil 85 an ar-

chftect,
qualities of cumboo and its ‘»'Pr%.[;

he will appreciate the v:;:}a e
tility as

they bave heen demonstrated o cach dred
where its usc Kds ceen diceo t5 5 hipit piane
€ tven ;h’ *‘1th in- 71raucn ‘Hu ¢ ppor t\m:c_v

and the cooperutxon of perso
the bamboos and the tecnmques of using

them; he wiil be able to synthesizz the
best features of ba'nboo with tne tochhical

designs and plans that will be a ¢
the architecture of our age.

~ Bamboo has several charactenstncs
that make it a suitable and economical
building material for house construction,
as well as for the scaffolding (fig. 1) that

facilitates such construction:

"1 \ 1

1. The natural units, or culmse, &«
they are called, are of a size and shiape
that make handling; storing, and nrocessing
both convenient and economical.

Z. The cilms have a characteristic
physical structure that gives them a high
strength-weight retio. They are round or
neerly so in cross Sec’'ion, and usually
hollow, with rigid €ross walls «t e
nlaced to prevent collapse on bcnu.vv.
Wictnin the culm walls the strong, nard
tissues of high tensile strength are nicst
kighly conce:trated fiear g sarfsce. In
this position they can function most etfi-
cxently both in gwmg mechanical strength
""" resistant shell:

3. The substan:ze and grain of bam-
boo culms make them cas:’ to diviae by
hand into shorter pieces (b/ sawing or

chopping) or into nartow strips (oy 5ptit-




ting); No costly machines, only simple
tools, are requxred

4. The natural sitface of riiost bam-

boos is ciean; hard; and smooth, with an
attractive color when the culms are prop-
erly matured and seasoned.

5. Bamboos have little waste; and 1o
hark fo refriove,

SEEIEE pI:-"- of the use of bamboo posts

iiintirad of & conventional foundation for

ont houses may be seen in both hsm-

pheres {{ig. :1). Uriless they are treated

\mh suinie effective fungxc dal preservative,
Liow ever; such posts are not expected to

la ‘t more than two or three years on the
awwrage, or five years at most under un-
vomally fivorable conditions. Although

n f\qwrlmcn{al data are availabie, it
weems reasonable to expect that the last-

ing qualities of bamb>0 ¢almis set in the

ground may Gltirriately be extended appre-

iably by applying pentachlorophenol in an
appropriate form {see section on preser-
vation). Until reliable and ecsromical

ireatiments have been developed for pre-

serving bamboo that is frequently wetted

U\\ -

or is ccnstantly in contact With damp earth,

it i5 considered better to use som.e material

that is more durable than untreatced bam-
b66 for foundations-——concrete, for example,

or wtone; brick, or some durable hardwood
(fig.

When tsed as supportmg posts_in low~
¢t howunes; culms should have a fa)rly
lar diameter, thick walls, anc cdes

{pe.nts at which transverse dIaphrag ns

ocecur) tlcse together to give maximum
bend Where large bam-

Loos are not available, Smalleirnbamboos

with suitable striuctiral charactenst.cs

resistance to bending.

inav be bound together to make comE s5ite

piﬂa [

Frame

Next 1o the foundation and the roof
coverirg, the hasic frame is the part of
a house most often made partly or wholly
of materials other than bamboo. In many
tﬂ&sé QBB can Afféi-d t}ié d:ffer—

*«‘gxons

""" Thvy do

X} pdrtlx because hardwoods make stiffer
Joml\ and more rigid construction than

bamboo, partly becaiise & greater pres

tige is generally attached to hardwoods,

and partly becausp certam hardwooaq

rot fungx and wood-eatmg insects than
untreated bamboo.

There are certain circumstances,
however, under which the stiperior resil-
iexicy of @ bamboo {ramg confers impor-
tant advantages over a s rigi id construction.
In regions where sharp or
quakes occur frequently; =
house may survive and remain service-

able longer then ary ather type {fig. 5).

In the selecti-.. of materiels for the
several types <i structural elements, the
charucter.sncs cf the bc-.mbOo should matck

O'\ly whole
calms are uséa far t‘me principal parts of
a bamboo frame. The dimensicns cf the
various structural cle*nents, andé their
spacing, are governed by the nature and
importance oi the function they perform.
Stlffneqs and ulumate strength are impor-
""" To get rel~-

axlmum

carth tremors
bamboo-frarmed

atwely uniform diameters; an'
thickness of wood wall {fc~ stiffness and
strength); the upper, high.y tapered, rela-
tively thin-walled portion of the culms is
removed. THese tip cats rray be used in
wattle-and-daub partiticns; or for roof
sheathing; where close spacing may mak,e
up for the inferior properties of the’ andi-
v1dua) units. )

The individual structural elements that
compose the frame of a conventlonal all-
bamboo house correspond clos *
found in an all-timber framnie:

girders or plates, joists; swuds;
breces; tie beams, king posts, purlins,

ridgepoles, rafters, sheathing, and so forth.
The use of bamboc imposes certal in limita-
tions; however. Mortice and tenon joints
cannot be used in framing bamboo: any cut,

such as notch or mortice, dramxrally re- _

Corrier posts,
struis or

duces the ultimate strength of a’bamooo
culm. The only exception is the notch or
saddlellke cut used at the Upper end of mosts
*o cradis more Securely the horizontal ele-
ments that rest upon them (f{ig. 6, C and DJ.
With the exception of those of certain
species of Guadia (notably Gi arn gustifolia}
and of Chusquea, the culms “of most bamboos
will not take rails without splitting. For

this reason, the impinging elements are



fantied to ear b other at their i -

Generally
(}i( Far } (\5\

terwections (fign. o and 710 10

7m‘p\ are commonly
aplit from bambaoo: more a:ely [rom rattan.
\A}o-ro the available bambood yield brittle
tough vines or the bark ol cvrtain.

the withes used for Jr\*

sathes
trees and shrubs may b u'n( for lashings.
In somie areas; hoft iron wire, most of 1t

d: is used.

galvan

Comrmon sense and the eragirical -'ro-&]—
LS coune-

cdpe of bamboo craftsrmzii {3 2

by recommendac

triey Cohstiniteé the moust

se ol avail-

gquidsnce for the selection and u
2 resourcefil per-

able material. Howecver,

won of pract ical experie Heé in bailding may

Gliedi be able to sugpest sound and useful moa-

ilications of conventional procedures

Floors

Nany barnboo houses have no floor other
than the sutface of the ecarth on whichk they
are built. This siirface <hoiild be; and usu-
ally i<, raised sortew hat by filling with

ear.h; to prevent inundation by drainage

water: it may be compacted by poinding. If

the fill is made with clay, 50 tmuch the better,

for clay affords a relatively stable surface.

The surface of 1 dirt floor may be made

more stable by paving it witX b&mboo bosrds:

The soil should first be graded to provide

natiral drainage; but not compacted, before

the ba;ﬁgaa béérds are. laxd in place. ) Theqe

able desxgn to drive them into close contact

with the curface of the soil, which is com-

pacted by the same operation.
In better houses, the {lgor is raised

above the ground: Thls arrangement is more
hygienic, and provides a sheltered space be-
low the floor, which has many potentml uses.
In some areas this space is devoted to the

rearing of varic domestic animals; else-
wheére it may be used for the storage of tools

and farm equipment, or ever farm produce.
It may provide a Welcome steltzred play

space for children in inclement weather,

Serviceable and attractive raised floo
may be made entirely of bamibodo, given su i
able species and a sound structural design

I‘he pr1n(‘1pal feathres 1n convenvo'xal déélg'

m\

frame ) and the 1100r covering;

Bamboo culms ar» more resilient than

conventxo ml tlmber . and the Space between’

d

spacing specificazions noust be worked iiu?.
oo

Tocnrlly for the andéividual species 07 Dany
and the size of cualm used

tie {loor covaring may he made of small
\k}ﬁn e cuims, strips, or hemboo boards made
by opening and fiatlening cit whole cuims

Q, &nq .O\

\th die floor censists

Costened

he protection deiv
inds, and the need tcr

w i
Flither whaole culiis or
me,; be used, Arnd thew midy
either horizental or \.Prt :
funcrion more ¢ ‘ e

they are verticzi. &rid ars

ickly after rain. g:ié. i
A form of wall construction wide )

vored in Latin America is called bcjareque
(fig. 12)—~at least in Zcuador.
railing or lash

culms; honz.ontally and

stenes. Dur ng this d;m: ation J‘.f; Samboo
ntrips are more or less curip
with mud Lut in time they Tecome

by wedtie This form of coasi-uc.ion
is relatively massive, though lesi s then

walls made of conventiona! stone, riémnied
earth, or adobe bBricks,
Another ferra of wall const.untion, pur-

haps more wxdel, used, is knewn In

and Chne a ou‘nc‘u..

wattle-and-daub’ or stu
In this forrn, the fiexib
together to p’r'o'oiae

or 10 both éides. o 7
attractive but ia

A more -

covering may be niade of Brrabos boards
(z’ig‘; 14). if these boards ars exzunded
sllgntxy. i.e.,

stretched leilersily, as they

11



are atiached; ey p ovide a suiltable base 1§ window onen
T Apned with .)I\mﬁ(*_ or wood, Niost

plaster or ztucco. Sometimes berd

y the surface to provide & incows ace 125t ungla:
'Whé"\ i 1*'-mel Closure ma7 be pravided -
} bamboo or whoden It

. b'\d unscrceencd.

."'\ctz -G / ‘i3,

‘hm mae Ltu-.

< f ewo*k of Bi\n“a

.rt.m

vreven f*:om thin

,': N ,_.‘._V' ~ e 7/(_-.'.,’:". M) =\nc’. LT);
: with thin-walled cuims and

uch s many species ol the ge-~ painted

amvum niford, are preferrad] Iracguantly

’ﬁmvy of mat- oo
ippine I=land ':) Secause of their Aish ntr
{ ratio, bamkoos are o&
tage for stractrra’ siprmerniz n roct con- -

struetion [fig: 6; Al

accou

w 'mt‘xer PR

Hnlved srmnooo culms

ticework composed of lznh‘ﬂ’c strips

Wt irom lareer cu’ms. B'a’.rh"*oo wm‘tmg

s

»

H the Denark s-?*% of Caldas, Colomdin,

2

quant 1tm°~. a unlqu'e
has been adopte
(rigs: 21 and 22).
<o be en extravagan
the resulting structire
a-\d att?activo:

zv be ‘ramcd with wood Toradjr.r

The doors themselves may be fror‘bomc'e)
‘u’v r*av 58 woven bamboo matting tionn of “he ase
el of tufe.}/

ke Harr‘er constructed of %/ Gourou, Pierre. ac
Doors are side-hinged, and Delta Tonkmols Pib: 1cano~15 cle I'"Ecole
- irom *he traditional latch- Frangzise de 1'"Extréme-Orlent, v. 27. 640 b,

Figure 18 ¢ shows In”i Paris; 1936.
i5e of an inferior barn- Jf D. G: Fairchild; The Wor'” Cr ':w-ﬁ
—~ioneer settler's hut. Round My Door, p. 115. New Vork, :S:7.

st
'aV}



'Dlpes and Troughs
The culms of certain bamboos, with
diaphragms removed, serve admirably
Ior the fabrication of pipes and troughs.
" Longxfudmal halves of bamboo culms
rmake very satisfactory eave troughs Where

rainfall is light and water must be conserved,
they are used to collect rainwater from the

roof and send it into a barrel or cistern for
storage. Where rainfall is Heavy, they are

used to carry the water from the roof to

a distant point, in order to avoid excessive

dainipriess around the house.

Under certain circumstances wash wataT

from the kitchen may be dxsposéd of through

bamboo pipes or iroughs For tnis purpose

a sloping trough i€ more practical than a
pipe since it is more easily prepared and;

if clogged, may be cleared with greater fa-

_cility.
Longitudinal halves of bamboo culms

with the diaphragms removed mgggfultable

conduits for bringing water for domestic use

[+oiti its source to the house by gravity

(fig: 19). In Japan; closed-pipe water sys-

tems are constructed of bamboo but-it is
very. dxfhcult to make the joints Ieakproof

by means of bamboo pipes of sxmple con-
struction., The Steps in preparing the bam-

boo for s'ich Use are (I) halving the culms;

{2) remior 13 the diaphragrs from cne half
to .1ake wuc lower secticn cf the drain pipe,
(7»‘ cutnng notches in the edge of the other

in lxght oxl}. { ) plamng them tbgei‘}’g- agair

"76'1 and (6) binding
re. Such dreins may

be extended te any length by placing the

sma’ler tip 2nd of one pipe into tiz iarger
basal end of the succned'mg one.

To be suited for the uses just descri bed

the bamboo culms should have a diamefer
large enough to give the required carrying

capacity, and the walls should be thick enough

to prevent collapse under use.



Bamboo Reinforcement of Concrete

Published references to the use oi bam-
boo in reinf~rcing cement concrete sfruc-

tures or parts thereof indicate that the prac-

tice has '7b§§§7ioiic’>'“}ed to some extent locally,
for some decades at least, in the Far East
{China, Japan, and the Philippine Islandsj.

During the 1930's several experiments were
carried out in Europe, particularly in Ger-
many and Italy,; to test the performance of
boo. ~

THe risst recent; comprehensive; and

readily available information on the subject
is to be found in *he report of a series of
experiments carried out by and iinder the
direction of Professor H. E: Glenn. Two
important sections of this report are quoted

here,; in entirety:?/

~ 4/ H. E. Glenn. Bamboo Reiniorcement
ssent Concrete structures,
op. 123-127. Clemson College Engineering
Experiment Station. Bul. 4. Clemson, S: C:
May 1950.

From Results of Tests on

Bamboo Reinforced Concrete Beams

Below is given a summary of the conclusions as indicated from the
results of tests on the various beams included in this study.

1. Bamboo reinforcement in co

failire of the concrete by cracking
those to be expected from an unrei
dimensions.

2. Bamboo reinforcement in concrete beams does increase the

ncrete beams does not prevent the
at loads materially in excess of

tiforced member having the same

load capacity of the member at ultimate failure considerably above that

to be expected from an unreinforced member having the same dimensions.

3. The load capacity of bamboo reinforced concrete beams increased

with increasing percentages of the bamboo reinforcement up to an opti-

mum valaeé:

4; This optimum value occiirs when the cross-sectional area of the

iongitudinal bamboo reinforcement was from three to four percent of

the croas-sectional area of the concrete in the member.

5. The load required to cause

the failure of concrete beams rein-

forced with bamboo was from four to five times greater than thet re-

quired for concrete fmembers having equal dimensions and with 1o ré-

iiif’d'r’c’e?h’gﬁf:ﬁni .
6. Concrete beams w

ith j_b'rjgitﬁ’diiiai bariboo reinforcement may be

designed to carry safely loads from two to three times greater than

that expected from concrete members having the same dirmensions and

no reinforcerment.

7. Concrete beams reinforced with unseasoned bamboo show

slightly greater load capacities than do eq

ual sections reinforced with

seasoned untreated bamboo.  This statement was valid so long as the

unseasoned bamboo had not dried out and seasoned while encased in the

concrete when the load was applied.

8. When unseasoned untreated ba

mboo was used as the longitudinal

reinforcement in concrete members, the dry bamboo swelled due to the



absorptton of imoisture from the wet concrete, and this swelling action

oiteri caused longitudinal cracks_in the concrete, thereby lowering the

load capacity of the members. These swell cracks were more i{keiy to

occur in members where the percentage of bamboo reinforcement was

high. This tendency was lessened by the use of high early strength con-

crete.
§: The load capacities of concrete members reinforced with bam-

boo vary with the dimensions of the members.
i0. The unit stress in the longitudinal bamboo reinforcement in

okl bt
concrete miembers decreased with increasing percentages of reinforce-

ment.
11. ‘The ultimate tcnsile strength of t{lie bamboo in bamboo reinforced

Concrete members was not affected by changes in the cross-sectional

area of the members so long as the ratio of breadth to depth was con-

stant but was dependent upon the amount of bamboo tised for reinforce-

ment:
12. Members havmg the optiiﬁﬁm percentage of bamboo reinforce-

ment (between three and four percent) are capable of producing tensile

<tresses in the bamboo of from 8,000 to 10,000 poirnds per square inchs

13, In designing concrete members reinforced with bamboo; a safe
tersile stress for the bamboo of from 5;000 to 6,000 pounds per sguare
inch may be used. .

14 Concrcie member: reinforced with seasoned bamboo treated

with a brush coat of asphalt emulsion developed greater load capacities

than did equal sections in which the bamboo reinforcement was seasoned

untreated or ifiseasoned bamboo.

15. When seasoned bamboo trcated with a brush coat of asphalt

emulsion was used as the long1tudinat reinforcement in concrete mem-

bers, there was sormié teﬁdency for the concrete to develop swell cracks,

especidally when the percentage of bamboo reinforcement was high.

16. Care should be exercised when using asphalt ernalsion as a

waterproofing agent on seasoned t bamboo as an excess of the emulsion
on the outer perimetéer of the culm might act as a lubricant to maten-

ally lessen the bond between the concrete and bamboo..

17: Concrete members reinforced with unseasoned sections of bam-

boo culms, which had been split along their horizontal axes; appeared

to develop greater load capacities than did equal sections in which the

reinforcement consisted of unseasoned whole culms.

18. Concrete members reinforced with seasoned sections of bam-

boo culms, which had been split along their horizontal axes and treated

with a brush coat of asph&lt emulsion; developed considerably higher

load capacttles than did equal sections in which the reinforcement was

split sections of seasoned untreated bambop.

19. When split sections of seasoned untreated large diameter culms

were used as the reinforcement in a concrete beam, longitudinal cracks

appeared in the concrete due to the swelling action of the bamboo, This

cracking of the concrete was of sifficient intensity as to virtually destroy

the load capacities of the members,

26: When unseasoned bamboo was used as the remforcement in a

concrete member, the bamboo seasoned and shrank over a period of
time while eficased in the concrete. This seasoning action of the bam-

boo materiaily lowered the effective bond between the bamboo and con-

crete with a resultant lessening of the load capac1t1es of the members.

21. Increasing the strength of the concrete increases the load ca-

pacities of cornicrete members reinforced with bamboo.

15



22, Concrete members reinforced with seasoned bamboo trested
yvrrthrrr\eth'y:iaiﬁrea did not develop greater load capacities than did equal_
sections in which the bemboo reinforcement was seasoned culms treated
with a brush coat of esphalt emulsion:

23. The load capacxtxes for concrete members reinforced with un-
se asoned seasoned or seasoned und treated bdmboo culms, were in-

ment along the sections of the beams where the vertical shear was hxgh
24. The load capacities for concrete members reinforced with un-

d and treated splxt sec:‘.ons of bamboo

seasoned, seasoned o> szasoned

were increased by the use o a Ei;\éiﬁéuoﬂ of split dowels and the bend-
ing up of the upper rows of the sy ibco Irom the Lotiom ¢l the

becora into thi top and covarinhd e secticns of the begmis where the ver.
tica! shenr Was higi.

ernbers usu-

25. Uldmate feilure of bamboo reinlorced concrete I
ally was caused oy diagonal teénsion failures even though ciggons!l ten-
sion_reinforcernent was pirovided.

26. A study of tre de flection data for a'l the beam specimens tested
indicated:

{a) hat the deflections o‘ tht_ beaxns when msted fsllowsd a fa.riy

accurate straight line variation until the appearance of the first crack

in the concrete;
(b) Immediately foliowing this first crack, there was 8 pronounce ed

flattening of the deflection curve \probably diie to local bond slippage)

followed by another perxocfiﬁoi fairly accurate straight line veriaticn, but
ata Iesser sIope untx‘ ultx-‘nate farlure oi the member, occurred This

{c) In all cases noted fhe deflection curve had a lesser slope after

the appearance of the first crack in the concrete, even though high per-

centages of bamboo reinforcement were used.
27. No pronounced variations were Gbserved when the behavior of

bambgoo reinforced concrete triembers under flexure and having ‘‘tee

sections was cémpared with that of equal members having rectangular

svrtlons
28. Bamboo rcmforced concrete members under il xure and con-

’is ting of '‘tee'’ secticns were no more effective than were equal rec-
drigular sections, provided the breadth of the stem of the ‘'tee’’ section
was equ«:\l to that of the rectangular section and the effective depth of

both were the same.

Desxgﬁ arid Construction Principles

Recommended for Bamboo Reinforced Coiicreti

1. In important congrete membprs thé use of whole culms of green,

unseasoned, barmboo is fiot recommended as the re g material,

Iii coricrete slabs and secondary members, green, unseasoned, whole

culms may be successiully used when the diamieters of the culms do not

exceed three Iourths of an inch. When possxble the bamboo used as

and allowed to dry and season fr'o'rri three weeks to one month before

2. The use of bamboo culms as reinforcement in concrete members

subject to flexure cut in the spring or early summer Seasons of the year

is not recommended. Only those culms which show a pronounced brown
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color should be selected for use from a native bamboo grove, This prac-
tice will insure that the culms selected are at least three years old.
3. WHhen thoroughly seasoned whole bamboo culmis are to be used as

the reinforcement in important concrete members subject to flexure,;

some type of waterprooiing is recommended.
4, When seasoned sections of bamboo lplit from lnrge diameter

i:i.ilms are to be uaed as the reinfox'cement in concretc members undei

olX imporfont load éorrying members. Howaver, for alabs and second-

ary members and where the concrete sections are of a size as to allow
the placement of the bamboo with a clear distance of from i1 to 2 {n-
i:héi bét\iéon ihi indiﬂdﬁol bimbéé iplinti and b'étW'a'eh iiui:i:::sai(rc lay=

vided high early strength cement {8 used. In no case should tie split

bamboo_sections have a width in excess of three-fcurths of an inch.
5. The use of vertical aplit sections of bamboo culms i3 recom-

mended to £rovidé for diagonal tension stresses {n rmembers under

flexure covering the portions of the member where the vertical shear
is high and where it i3 impractical to bend up the main longitudinnl bam.-

boo reinforcement for this purpose. In continuous members and where
otherwise practical, the practice of bending up the main Ionpitudinal

bumboo x;einfox-cement at pointl of hoavy shear to provide ior diagonal

tical a combination of tne above methodn is recommended o
6. Proper spacing of bamboo reinforcement {8 very important:

Tests indicate that when the main longitudinal bamboo reinforcement is
spaced too closely, the flexural strength of the member is adversely
affected. Also, when thie main longitudinal bamboo reinforcement {s used

in vertical rows and when the top row is near the neutral axis of the

member the area of concrete at thi- lection in hori--ntal lhoar muy

zontal |hear. In many o! tho npecimenl tested under flexural londn, fho
cause of failure was attributed to horizontal shear; however; in moat

instances where failure was from this ceuse; horizontal cracks existed
in the concrete due to the swelling action of the bamboo reinforcement.
7. In placing the bamboo reinforcement, care should be taken to al-

ternate the basal and distal ends of the bamboo culms in all rows; This

practice will insure a fairly uniform cross-section of the bamboo rein-
forcement throughout the length of the member and the resultant wedg-
ing effect that will be obtained will materially increase the bond between

the concrete and bamboo.
8. The design of structural members of bamboo relnforced concrete

for flexural loads will be governed by the amournt of deflection that can

be allowed for the membef. In all concrete memberl lubject to flexural

ure occurs. Due to thh high deilection Iailure of a bumboo reinforced
concrete member \Ilnxiiy occurs due to other causes considerably bo-

frich for the allowable tensile strevs of tha bamboo reinforéement muit

usually be used if the deflection of the member is to be kept under 17360
of the span length., When this low design value i3 used for a bamboo re-
inforced concrete member under fles:ural loads, a high factor of safety

against uitimate fallure of the member usually resuits:

9. The same procedure as that used for the design of atructural con-

17



crete members reinforced v.ith converitional steel is recommended for

the design of concrete members reinforced witn bamboo. Values have

been recomrnended for the allowable

grniit bond stress between concrete

ard bamboo, for the allowable unit tensile stress in the longitudinal bam-

boo reinforcement and for the modulus of elasticity for bambao.

These

+ecommended values should be used in designing & ~oncrete member.

reinforced with bamboo for flexural toading. It is also recommended

that ‘‘tee
width in the calculations.

' beams be designed as rectangular beams ignoring the flange

10. Some of the important charactsristics of concrete riembers re-

inforced with bamboo on Which future research should be done include:

(a)

ticity is higher than that of the spec

Use of those species of bamboo in which the modulus of elas-

ies used in these experiment..

(b) More exact data on diagonal tension reinforcement:

(e)

Further tests of the use of greed uncured bamboo cuims &= the

reinforcement where the conditions ‘are such that the bamboo will be

_ompletely seassned while encased in concrece.

(d) More exact data on the bond between concrete and bamboo.

(e) The use of other waterproo

o

_ests to insure against the swellin
placed in wet concrete:

it is obvious, from this very comprehen-
sive and carefully considered series of state-

ments, that the reinfor cement of cement con~
crete with bamboo cannot be undertaken with
confldence until a great many factors have
been considered. Careful and expert atten-
tion to many details in execution is essen-
tial to success: Severe limitations must

be taken into consideration. Apparently,

the bamboo reinforceftient of non-load-bear-

fing mgents than those used in these

g action of seasoned bamboo when

ing members, such as well panels and floors

resting on well-compacted earth, has more
to recommend it, from the practical point

of view; than the bamboo reiriforcement of

load=bearing meribers of & structure.,
The lay reader will find an admirable

summary on use of bamboo for reinforcing

concrete in the appendix 6f7§§7§gt{cie by V. D.

Limaye on the strength of bamboo (see bibli-
ography):

| -
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Geographical Distribution of Bamboos

Bamboos occur as more or less prom-
inent elements in the natural vegetation of

many parts of the tropical subtropiczal; and

mild tempernte reglons of *he world from

Ieet wherever a sultable combination of

ecological factors prevaxls Their natural

distribution is very uneven, both as to abun-
‘ dance and variety of kinds in a given area.
Through the agency of man, the distribaticn

of many SpeCleS of bamboo has been greatly

extent of it has not been surveyed How-

ever, some of the most valuable species
have not been distributed to any important
extent and much remains to be done to make

these more generally known and available:

B The greatest concentration of bamboos
aﬂd the hlghest development of their use

of Asia and on adJacént islands. This area

12

extends from India to China on the main-
land; and irom Japan to java among the
izlands. Some 20-odd species of bamr koo
heve been repcrted from the iittig-'inwn
tlora of Ainca and many of these tre used

bv the native peoples for house consiruction.

The Island of Madag: scar. whose flora is
more fully known, has been iound to have

friore nistive speciss of bemboo than are

kx*own to ozcur in the whole of Al
tralia has perhaps a hali-dozer native species;
n,urope none. In the Western Hemicphere,

the natural distribution of barriboos extends

from southern United States to Argentina
and Chile. Some 200 species are native to
this area, but ‘they are very unevenly disgrib-

uted: Many of the recorded species are very

imperfectly known; and some kinds have been
recorded under more than one name, but the
krnown bamboo flora of the world probably

totals more than 700 species; classifi=d in

about 50 distinct genera.



Figure 1.-- Bamboo scaffolding
is used in constructing an
apartment house in €ali; Colom-
bia: In strength and durability
bamboo is well-suited for the
purpose; for economy it is prob-

ably unequaled.

. — for decaaes.
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Figure 2.--Fren supporting
p.~—~>_3h6§th1ng,

this cottage

pis made entirely of natlve
dtifolia:

the siding may remain 1n serviceable condition
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Figire 4.-- Framework of this hiouse under construction in Java is hardwood: but rafters;
sheathing, scaffolding, and even the ladder are bamboo. Walls and pa-titions may be
covered with bamboo matting, probably made from species of Gigantochloa; commonly used
in Java for this purpose. (Photo by Dorsectt:)
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Fiéiii-é 5.--Bar
Walls and par!
roof thatch w
"pizes sand for



Figure §5.--Bamboo is used for the frame structure of a peasant’'s cottage in Colombin.
Walls and partitions will be made of bamboo boards. In fact, all materigls but the
roof thatch will come from +he nutive Guadua angustifolia, which produces culms in
' jrect use that only the simplest of tools are required:

N




Figure 6.--Detuils of bamboo construction: A, fitting anc sindin
joinca in roof and frame; B, {itting and securing bambon boarvds

=z Lo
i

D, saddie joint; E and F, use of insct block Lo supper:

bearing elements; G anc Y, use of stump of branch et node of vort to zumps
horizontal load-brar:ing elemerits.

10T L
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Figure 9.--Final step in making a
bamboo board--removing draphragm
fragments from the.newly openad
culm, Jt may be dome with & mache-
te, as here;, or with an adze or a 7
long-handled; shovellike curved spud:




Fxgure '07--BHMDOO boards

stand ready for uge. .
maklng of these uovr(% :
well- developco trade 10

Ecuador and CoAéﬁsi :oand

the f*nlsncd procubu mig
well become mn export iten.

O

--Walls ?aneied in nacive b"”béawgn h0~1zontal arrdy &re gr attractivé
11y designed buc rather costly geekend cottzge in Guayaquil,

Figure 11.
feature of this artistica

Ecuador. The roof covering is etartniiE. - — -
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n =1 Salvador;

Fxsure 12 --Wide bamboo a:r:pn a“upporc and prOtect an adobe wall i

forming e type of construction called bejareque in many Latin American countries. In

Ei Sliviaai tﬁe ‘common bamboo, Bumhusa wvulgaris, is available everywhere except in the
""" dard material: for many purposes.
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SPRUNG STRIP CONSTRUCTION

Economical_

Bamboo
alterrative srrips._
) sprung
over
poles

Tiad fo

foce 1 L puTe
LPRole
e
1o I
h—rost Piastar o
Stuzeo
{ %/nls}l L'D:);
Brick or stons bosa
WOVEN OR WATTLE CONSTRUCTION
o 4D
_ - Horizontal—"1Y |
- /:Cnpsifvr’
Posr | meboa
N
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—% A —— W Y Jb
1 I T« T T r i
(!;'lbhi or brick .
Figure 13.-- Types of wall constriuction used with bamboo.
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Figure 15.-:Be
boards provide
and economic
the cefeit &
covers the ou
of this Hosp

Manta, Ecuador
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I-xgure 17:--A young Thai plays his bamboo organ agamst a backg'ound of hamuoo maiting.

Siich matting is a popular wall covering throughout southeastern Asia: it is l: gn' in

both color and weight; does not stain; and is easily cleaned. (Photo by (}mm }
24
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Figure 18.--A pioneer settler in eastern
Peru has made his rcabin door with material
that came easily to hand--culms of a wild
bamboo, Guadua sp:

Figure 10.--Roof viles of this laundry in
Colombia, as well as the troughs of its
water system, are halved culms of Guadua-

angustifoli the common native bamboo
5f Coloibia and Ecuador.

25



50.--Tile covers the roof of this banboo house
wail are made from culms of Bambusa walgaris:

in Guatemals.

The




Figure 22.--The structure of

this bamboo roof ie typical

in Caldas Department, Colombia.

The uniformity hus _grown out

of loﬁg years of use' ever

has bsen the preferred build-

ing material in the area.

Fxgure 21.--Bamboo is
standard material for
roof timber in the
rural houses of Caldas
Department, Colombia.
It combines lightness,
strength, and durabi-
lity snd; being local-
iy ubundﬁnt, costs biit
Iitcle
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Figure 23. --Some contrasts among different bamboos, as seen in the
and branches of the culms: A, Bumbusa amndiniceé, a ﬁ‘ixci'.-waned
flated nodes and heavv solea"y, 8-

es; . above the 1nscruon of whlch the inteenode is {lattened md d‘crc ]
C. Bambusa vulgaru, a moderately thick-welled bamboo, witk infiated .waw
branch buds below, and prominent branch complemanta sbove: i) Seambusa tix
a thin-walled bamboo w1th7cy11ndncal interniodes; nonmfla?ed sedas flavad -
sheath acar; branch buds lacking at the lower nodss and cardily devilspay o
S. Schizostachyur lumamnpao, a thin- wtlled bamboo with c‘yl-ndrlcal ideesns
uninflated nodes; nc buds at lower nodes; slender, subequal, ensily r@acred
above. F; combined long;tud:mal and cross sections of the culm &f ,’"
showing the nature of the diaphragm; in all bamboos the ulaphra,;m fori
strengthening structure at each node. G guarter cross sections of culss

diffsrent bamboos, representing the extreme range in wall thickness:

28
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Figure 24.--Devices for splitting heavy culms. A; cross of iron or herdwood bars
{about ! inch thick) supported by posts (about 4 inches thick and 3 feet high) fimmly
set in the ground; with an ax, two pairs of splits are opened at right angles to each
other at the top end of the culm; these are held open with wedges until the ciilm is

placed in position on the cross; the culm is then pushed and pulled, by hend, in the
direction indicated by the arrow (adapted from Salcedo). B and C, steel wedge for

splitting quartered culms. D, block with single and paired steel wedges for moun ting

on a heavy bench; adjacent faces cf the paired wedges should be slightly closer to-
gether at the cutting edge than at the back.

Y

29



30

Figure 25.--Splitting of moderate-size culms to make withes for weaving
and léahing. Quartering a culm; A, starting four breaches at upper end;
B, driving & hardwood cross along the breaches to complete the splitting.
;, dividing quarters radially, making center splits first. D, splitting_
radial divisions tangentially; the hard outer (convex) atrlp is best, &nd

the soft, pithy inner (concave) strip is usually discarded. E, lang-
handled knife used for C and D; some workers hold a strip of E;dxo
the blade to add to its effective thickness when they wish to speed

-~ up the work:



Differences Ariong Species

As with steel; bricks; cement, stone,

clay; timberwoods,; or any other building
material, {t {s necessary to thHink of the

bamboos in teriris of individual and distinct

kirids; each characterized by a combination

of properties peculiar toitself (fig. 23). Certain

combinations of tliese properties are use-

ful {or identification; certain ones must be
taken into account in evaluating the suita-
bility of individual kinds for one purpose or
another. Here are some of the properties

that determine the best use of & given bam-

boo and the reiatwe value of available kinds

for [ given purpose:

Average dimensions of culms
Taper of culms

Straightness of culms

Size and distribution of branches

Length of culm Internodes

Shape and proportions of irn'terrriodes
Thickriess of the wood (culm wall)

-3 O UR BB B e

\ .

|53

8. Relative prOporticﬁs and distribu-

tion of different tissues (bundles and paren-

chymn) in the wood fwhlch affect the prop~

797. Density and strength of the wood

10: Sptlitting qualities of the wood _

11. Susceptibility to fungi and wood-
eating insects.

Spec1£1cnt10ns for bamboos are not yct

standarized on a wide geographical scale.

Within any bambgo-using community, how-
ever, the close observer will find that where

thete s & choice of several species; cer-
tain ones will be used for certain purposea
with great regularity. And where there are
established bamboo markets, many of the

bamboos offered are found to be classified
into more or leas well-defined grxdes with

distinctive names. Such markets, und the
local artisans who work in bamboo, are

sources of much useful information not

to be found anywhere in print.

L
[



Some Bamboos Used in Housing .

As far is we know, most of the bamboos For the purpuse of those who wish to
of greatest usefulness and greatest versa- find and keep track of the best bamboos in
tility for buxldmg construction corne from a any gwé;. lecality, the vernacular names
fra groups of related species, called gen- will serve be‘‘er than the Latil. Latin
era. Thede genera are Arundinaria, Bam- names, however, are geﬁérmly more use-
thiad, G vphalostnchyurn Dendrocalamus, fiil in correlating information found in the
(.1Ln!_och‘oa, Melocanna, Phyllostachys, literature. In this section, which sets forth
and Schizostachyum in the Fastérn Hemi- some of the most useful species, with their
Sphere and Guadoa and Chusquée} in the locations, sizes, and uses, both Latin and
“Western Hemisphere. But this is not to say vernacular nemes are given insofar as they
that all of the most useful species are found are available.

in thewe genera.

1. Arundinaria alpina: Alpine Eamboo Bambh Alpina (1tatian).

AFRICA: Kenya, Abyssinig, Sudan Congo; Uganda, Tanganyxka

8,000-10,000 ft; Abundant in large stands. o
Cilms: 60 ft: by 4 in.; commonly 4550 ft. by 21 in:; rather
thin-walled. :
Uses: General.

2. Arur;gi;rrggna callosa: Uskong; Uspar; Spa (Khasm) o
INDIA: E. Himalaya and Khasia Hills, Assami; to 6,500 ft.
Culms: 12-20 ft. by 1/2~1 is.

Uses: Tying thatch:
Arur‘dmana elegans: Jilh (Naga)
INDIA: Naga Hills; 5;000-7,500 ft.
C,ulms 12-20 ft. by 1/3~ 4/5 in.
Uses: Walls of native huts:{
Aru’mdlnarm faleéata: Himalayan Bamboo, Ringal Nlrgal N&gre,

Narr{, Garr}, Gorwa, Spikso, Ningalo, Kewi, Tham, Utham;

)

bl

Kutino.
INDIA (Ravi) and NEPAL;:
Culmis: 15- 20 ft: by 1/2-3/4 in.
Uses: Lining for roofs of houses.
5. Arundinaria griffithiana: Khnap (Kha51a) U-spar:

INDIA: Khasia and jamtxa Hills; Assam; to 4,500 ft.

Ciulms: 12-20 ft. by 1-1}
Uses: Tying thatch of natlve h'o'u’s'es" )
6. Arundinaria intermedia: Nigala (Nepal); Parmick {Lepcha), Titi
S Nagala Prong Nok. :
INDIA and NEPAL: E, Hlmalaya to 7,000 ft:
Culms: 8-12 ft. by 2/5 1/2 in;
. “YUses: Matting to cover walls and partitions.
7 7. Apundinaria khasiana: Namlong, U-kadac Namlong.
- INDIA: Khasia Hills; 5,000-6,000 ft:; often cultivated.
+ Culms: 10-12 ft. by 172 in:
Uses: Wattle-and-daub walls of natlve houses.

[y



fay.

17.

Lrundinaria mennii: Seneng (Khasia).
[NL/IZ.: jeintic Hills, Assam) to 3, ;0G0 ¢
Critrng: To 30 fil by 172 ir.

Uses: Withes for binding frames of native houses
9. Arundinaria prainii: Xevwva, Kevi, Sampit {(Nagaj.
INDIA: Khasia, jnintm and Naga Hills: to 9, 500 1t
Culinid: Slender
' atn iur wells ¢! netive ]QLS(:;.
1o, : Nrling (Nepalj, Pnvaum /Ahnv. otheem,
NF HHRIM ) 5, 000-12 0G0 1t
Culhas: L 0=l in.
Jues: £1.01 &ng ﬁéttiﬁﬁjéi‘ netive hooser
1] Aruiic:u;wr a >na.L‘x'iilora Ringa ¢

MDA N
Culms: 25-30 f‘ by 12 i
Cses: Houte construction.
2. Arundinaria wigatiaan: Chevari,

INDLA: Southern and western parts; especu.n, aGLnCunT oy
Nilgiris. -

Culing: 10-135 ft; by 1 in
Uses: Matting.

5. Bambusa arundinacea: Thorny Baniboo,Beris, Katd, KSic (Avsem)
l1y, Mulu \\/Iamy/, Bars, Behor Bans (Bengali): Liuikes, Vadru
(Totugu), Mun"ga/ (bérﬁsi};) '

INDIA: Pa;ﬂ;amc in cultivation,
Culms: To 75 ft. by & in.; commonly rather crookzd; SliLy 1if d-
erately <trijh’g und durable lower branches very (asony.
Uses: General:
Bamhusa balcocs: Balku Bans {Bengali), Baloks (AS M), Erro-
bens, Sil Barua; T’&t Barua; Wamnah; Beru; ét\n
INDIA: Assarn, lower Bengal, and Bilhar.
Culms: 50-70 ft, by 3-64n. ) -
Uszés: General; ''‘best end strongest for bﬁiiding sErpose !
{Gamble}).
Barabusa blumeeana: Buloh Duri (Malaﬁ Kida (Sei'ﬁzii'ig)A Sambu
. Duri, Bambu Gesing, Pring Ori, P. Gezing (Java}, Huur
Chuchuk (Sadan): .
MALA¥A, JAVA (native}, SU%{&’I‘RA; BORNED, INDia, INDO-
~ CHINA, and PHILIPPINES (cultivated).
Culms: 30-60 it. by 3-4 in:, thick-walled.
Uses: General:

Bembusa khesiena:

Serim, Tyrah (Khasia). )
INDIA: Khasia and Jaintia Hills, Assam, and Mamp\.r, to 4,000 £t
Cllms: 30-40 £ by 1= 1 2/5 in:
YUses: Ceneral,
Bambusa multiplex:

Hedge Bamboo, Sllver Leai Eamtoc
— CThauk (Chinese ) - ) )
CHINA: Kwii'ig tarig; to 1,000 fti; now virtually panir

onic¢ in cul-
tlvehon
Culms: To 30 ft. 5y 1 in.; interncdes long, tain-walled; resist-
ant to Cinoderuid, the powder post baetle. )
Uses: Sheafning for roofs; wattie- and-dauh wall cenzirosrion;
(Jemaica.)
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nian Betong; B. Panching (Mauin \-,. wuay
ctung, Jajang Betung, Pring Petung He v«
ung (Sudar}, Bambu Batueng, Pering Eviung
Tontong (P I, tests Hugh Currar,; Jzi)

Jewva; 1o 6;250 ft.; and throughout the srchipelego
Iduch plarted

it. by 3-8 1in

ntens: Wabo Burm°) Werra (A sa*q)

"‘-:nwards fo Tenussertm,; Burmsz; Ceylen.
2. by 8~10 in.

riDIxG
Culms:
Uses: Geaerel.
Uiéndr'd"iﬂar"xu"

P‘r;-r:h’& (Se‘ Q: R To*m/ (Mﬂus) Wanoke /Ge.ro,'.
INDIA and BURMA: N.E. Himalaya, Acsam Vailey, Raasis Hills,
5ylhet, esst to auper Surma end west to Sut1e1 Tre :bi-;-f'rﬁfo’i'i
barmboo cf the Darjeeling Hilis, Terai, etc:; mc‘ .
Culmis: ¢6-50 & by 4-7 in.; internodes 12-20 in. io
soft and relatively thin-walled.

Uses: Genrerai: nct ni ghly esteemed.

-

Dpndrocalamuc Hhouxker
Ukotang, P-ru Tili, KEW& Ule.
INDIA to UPPER BURMA: To 5:000 it
Cuims: 50-50 {t. by 4-6 in,; iﬁié;ﬁaééé 18-20 in. long; walls
eboutr 1 in. thi &,
_ Uses: General. o
Dendrocaiamus 4ongismihu5' Khan ng, Ore, Wa-ya, Talagu.
INDIA (E. Pangal) and BURMA,;
Culms: To 60 it. by 3-4 in.; internodes 10-24 in. long; walils
/2 in. thick.
Uses: General: “rst }nghly gstecried as buildmg mater.al Bt

uqed w heh better kmds are not avaxlable (Watt)

(Mamv)
INDIA and BURMA: Moist forests at low elevations:
Culms: To 70 ft. by & in.; internodes 9-15 in. long; wood
~ 1/4=3/8 in. thick.
Uses: Gener - :
Dendrocalamus me-rillianus: Baydg {llocos); Kawayan-bayog
{Paungesinan;.
PHXL.lPPlNZZ ISLANDS.
Culmis: '‘Tail and slender; internodes ihi&k-@éﬂea; sir:hé';

AL

{Brown and Fischer).
_ Uses: General, N N S
Dendrocalemus sikkirmensis: Pugriang (Lepcha), Wads: (Garo
{ilis), Tiric, Vola ?Ve{:éi)
INDLA (Sik¥imlend ZETJTAN: 4,000-6,000 ft.

(G N
(8, 0



w4 Bam*oo, ,_;ans u&"x‘ ‘\aoaz‘.,

& o@ the most useful hamboos.
AU ) it -6, X Sing, K. Futi '
{ ), Butong (tesie Hugh Currea; Jr. L
_Wilé anc cultivated. )
is.; “‘very straight, casxl r werked
38 Ci Pnto"k‘loa mae‘rosta hye: Teksereh, Madi, Madaywa, Wanet,
 Wehrany,
IND'A (Assar, Chittagsony) and BURMA.
Culis: 20-50 ft. by 214 in,
_ Uses: Generel, -
39. Gigantochloa certicilists: Whorled Bamboo; Bamtco Andong (Muley),

Pring Scorat (Iaw. 4ndong Kekes, Awi Andong, A. Gamog

A, ilak, A. Soorat (Sunda).
j]\‘/f\. o
Zulms: Ts 68 ft by & m.
umd ap to 4/5 iz, ¢ <
5: General; ‘‘next to G. apus the most useful bamboc in
juvii" (Ochse) -
40. Guddua #eilesta: Tarro (Tentral Americn).
MEXICO to #ANAMA.
CLIi’ﬁé; Tii 75 ft BS' 5

Us

aiively shory weond ol

4]
gulms- 'T‘o 60 £t bv 4 m.. internodes relatively short, lowe
ones semisolid. _ o
Uses: Ciene~al; the least desiréble of the listzd specier for tie
m.rposw Hi% rivich used in Nicarugua.
dua.

42 Gaas

, and PERTU,

=t

To 97 *'f By & -ﬂ-; tnternoles relatively short; wood uz

re. \"lh.‘\.
General; the beet knovwa r‘nd most verc\atile soe:"e"

In those dreus of Ecuador and Goiombia wae

genus, > 01 f.cuac

K556 occars in spontancous stands adeguate to sups
used 45 7. remarkable extent in house ¢

43
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M\ructlon n facf sorte of this bariboo is ased i uuuw

every house in such areas. Mam structures are built almost
entirely of it.

This ‘bnmboo an')arently has & relutively hi gh rezistance
to both rot fungi end wood-eating insects: It has biox obssrvsd

repeatedly that ordinary hardwoods used in conjunction wi th
this Bamboo have hnd to be replaced because of in seci 2

*ealaceo chnas» cof m>ect oarnage
uuad:..}.sm&:bn MET 5UE;

BRAZIL: Acre; Rio Purus.

Culms:_To 75 ft. by 5 in.
~ Uses: General.
’ baccifara: Terai Bamboo, Muli; Metunga {(Bemngeiij; Tarai
{Assam), Wati (Cecheri); Artern {Mikir);, Turien {Nega), Werrai
(Garea); Kayoungwa {Magh}, Kayinwa {Burmesz), Pais, Turiz,
_Pagutulla,

INDIA and BURMA:

Culmis: 506-70 ft: by 1} -3 3 in.; internodes 12-20 in. long; straight;
thin-walled; but strong and durable. ‘‘In Chittagonz and ¢lsc-
where /this 157 the most common species and the one most
universally employed ior buxldmg piurposes’ ' (Gambiz

Uses: General: -

Oxytenanthera abyssinica: Arkai; Chommel.

ATRICA: Abyssinia to Angola and Gold Coast.

Culms: 2550 ft. by 13~3 in:

Uses: General.

.Oxytenanthera nigrociliata: Poday {Andaman); Washut {Gur2],
Bolantgi Bans (Orissa), Lengha (Java). -

INDIA, ANDAMAN ISLANDS, BURMA, _]AVA. and SUMAT

Culms: 30-40 £t talll

Uses: General. . S

Phyllostachys aurea:. Buddha Bamboo, Hotei-chiku (Japanesz),
Fat-to Chuk (Chinese)

CHINA arnd jAPKN Now cultivated nearly all over the werid in

tomneraié zone.
Culms: 25 ft, by 1 ia. :
Uses: Suitable for hght elements- of house construction.

Phyllostachys bambusoides: Giant Timber Bamboo, Madake {Japanesc),
~ Kam Chuk (Chmeser ) ",

) Vthei United Stafes

Culms: To 75 It by 6 in,; straight; wood of modereate thickness

Uses: General

NOTE: In China numerous other species of this genus are rmuch
"Used in building houses.

Pseudostachyum polymorphum: Fxlmg (Nepal) Purphqu, ’35.,7”75?
{Lepcha), Wachall (Garo);, Bajal; Tolli, Ral (Assam); Sowe
(Burmese).

IND!A {E. Himalaya, Assam, S)RRxm) and UPPER BURM.:.,

M
Ly



Culms: To 50 ft. by 1 in.; internodes long, thin-walled.
_ Uses: Lath, matting, withes for tying frames of huts.
50. Schizostachyirn hainanense: Tang Chuk {Chinese):
CHINA: Hainan {sland.
Culms: To 100 ft. by | in.; 1mernodcs long, thin=walled.
Uses: Lath, matting.
51. Schizoustachyum Hme: ,.,olo, Bagacay (teste Hugh Curran; Jr..

PdIL_tPPxNE ISLANDS: Luzon; Davao.
Culms: 25-30 it, by 1l in.; internodes very loné, thin-walled.
~ Uses: Muetting, shingies, thin lath.
Schxzostachyum lumanipac: Lakap (Bosayan); Tamblang {Eiie-an}.
PHILIPPINE ISLANDS: Luzon.
Cuims: To 60 zt. by 3 in.; very st raxght 0 ft. to first branch;
thin-walled.

ﬁses Boards, shingles (teste Hugh Curran; Jr.)

wn
(S

; dulicos: Dulooa (Assam), Peksalu, P oe'lo WudAoo,

Gyuwa.
INDIA: Assam. S
Culms: 20-30 ft. by 1-3 in:; intecrodes to 40 in. long; thiu-
walled;
Uses: Lath; matting.,
54, Thyrsostachys oliveril: Thahawa (Buriﬁese) Maitong (Kachin).

INDIA and UPPER BURNA: To 2;000 ft.
Culms: 50-80 ft. by 2- 2L in.; ‘'‘greatly in rcquest" (Gambie).
_ Uscs Gcriéfil.
55. Trv: 3 vs sismensis; Kyaung-we.
THAILAND and BURMA.
Culms: 25-40 {t, b 1*—-3 in.; very strong and strméh -
branched below.

Uses: General:

 The following two woody grasses, though not true bamboos, yield
culms that are ised in building houses,

56. Arundo donax: Giant Reed (Hitchcock), Varn de Coheta (El balvanor)
Pantropic and extendipg into milder parts of the temperate zore
in cultivation,
Culms: To 20 ft. by 1 in.; hollow; thin-walled, the surface srooth
and shining.
Uses: Wattling.
57. Gynerium sagittatum: Uva grass (Hitchock), Caffa Aruve (Cubz),
Cafia Blancs (Panama), Cafa Amarga {Venezuela), Varu de
Tusa [El Salvador), Uba (Brazil, teste Clarissa Rous)

TROP!CAL AMERICA: Priﬁcipaiiy at low elevations:

Ciilins: Commonly to 25 {t. by 1 1/4 in.; the internodes filiea
with pith, which shrivels and shrinks upon drying; covered
wilh persisternt sheaths.

Uses Wnalbs and partitions; ceiling iinish; roof sheathing.

Iy
1§



For coiivenience; the foregoing species nErticular uses in house construction: The
R i

are regrouped in the following tabulation numbers refer to"the specics just listed.
according to their specialized adaptation to ‘

Frame: 1, 13-16; 18, i3, 21, 22, 26-28, 30-45, 48, 54, 55.
Sheathing and ceiling cover:

Whole culms, 1, 4, 10, 17-22, 24, 25; 41, 44-50; 54-37;
- Strips; 1, 14-16, 18; 19, 21-23; 26-34; 36-46, 48-55.
Roof covering: S

Tiles, 13-15, 19, 23, 26-32, 3740, 42, 43, 48§;
~ Shingles, 50-53.

Walls: - _

Wattting; 1; 4; 9; 13;:14; lo; 18-34; 3656,  __ = __ __

Whole or half culms, 2, 7, 14=30, 42-48, 50-52, 54, 55, 57.
Floor covering:

Boards, 1, 16, 19, 27, 28, 31; 32, 2943, 48;

Strips; I, 13; 16; 18; 19; 21-23; 27-34; 36~40; 42-46, 43.
Matting: 2, 5; 6, 10, 12, 16, 1y, 2C, 24, 36, 39, 44, 435-53, 56.
Lashings: 1, 2, 5, 8, 20, 36, 39, 48, 49.

Forms for poured concrete:
Boerds, 1, 16, 19, 27, 28, 30; 31, 39, 40, 42, 43, 48;
Shoring, 1, 14-16; 18; 19, 21, 27, 28, 30, 31, 3:-35, 37-¢3, 45,
46; 48, 54, 55. __ __
Scaffolding: 1, 1316, 18, 19, 21-23, 26-28, 30, 31, 33-43, 45, 46; 48;
: 54, 55.
Troughs: 13-15; 19, 23; 27-31; 34, 37-44, 48,
Fipes: 14, 15, 19, 23, 27, 28, 30, 31, 34, 37-44, 48.



Shoricomings of Bamboo and How to Overcome Thern

piit Thar kctevisdcs \m combinations; and
ir rees; which vary from species to
snecizs) that limit or reduce their suita-
ity or versatility us building materizl.

A tarel! ai stady of these limitations; how-

rvev shows that most of them can be over-
s, or minimized appreciably.

Variable Dimensions
It is difficult to secure culms very

closly staqdardxzed to any given set of

For this reason; the process-~

dimiensions,

ing or fabrication of bamboo cannot easily
ve mechanized, and its utilization generally
f1ils within the realm of a handicraft.

With suffiéiéiitly large §upp1xee of culms

avai.able; the disadvantages of this varia-
bility may be overcome to a certain extent
by exercising special care in the selection

and grading of the material; Further com-

pensatxon may be achieved by giving special
attenti_n to the development of skills in the
cutting and matching of pieces:

Uneven Surfaces
The use of certain bamboos is made

difficualt by the crookedness of the culms,
the prominence of the nodes, the uneveness
of aize and shape of the internodes, and

the rate of taper. This uneveness and the

taper which is more marked toward the
tip o/ the culm, may make it difficult to
achieve a tight, v.eatherproof verminproof

constriction,
To overrome the effects of uneveness.
the builder should select bamboos with use

reql.lrcments m mmd

culms c,hOuId bc it ap on this basis The

various cuts should be segregated into
groups according to the purposes for which
they are best suited. Zigzag or curved

culmsirr}e}tipsiuﬁed for purposes where shape

is unimportant; or where they may give an
artistic effect. Special processing, such as

40

The dlﬂ'erent portlons

aressing off nodes of whole cuims; may
permit closer fitting. Culms may be split
to make boards or lathhke strips. Finally,
the design of the structare and its archi-

tectursl details may be modified to 2 cer-

tain extent to utilize more effectively the
nature and peculiarities of the building mz-
terizal.

jrth;-elrrxe Fiss1b111ty
With the exception of thick-walled bam-

B500S such as Bambusa t\ild& and Dendrocal~

Wood. such as certam zspecw‘l of Guadua.
bamboos have & tendéncy to split easily; a

tendéﬁcy that precludes the use of nails. It

also limits the range of technigues suitable

for the framing or joining of structursl! units:

Suggested remedies are to use thz less
easily split culms of thick-walled species

for purposes where high fissibilily is a dis-
advantage; to make end cuts just beyond a
node where feasible (the nodes have & higher
Shiear coefficient than the internodes and

hence show less tendency to gplit); to fasten
joints by means of thongs or other lashing
materials; to chisel or bore holes to accom-
modate nails; screws; or pege:

Iow Burabzhty

Some bamboos are highly susceptible to

invasion and partiai destruction by wood-
eating insects, such as termites arid powder
post beetles. Spectes with relatlvely low

susceptxblhty may be selected; and the culms
may be treated to make them less vulnerable.
Cut surfaces at the ends of the culms nre -

piaces where insexts usually effect an entrance
and should be treated w1th specml care.

Elilfy to rot fungi éspéomliy under damp con-

* ditions and in contact with moist soil. Here

agam selection of speu.les will help to over=-

vative treatment should be used to prolong
the usefulness of bamboos exposed t» moist
soil,



Preservation.

Semhoos vary. from spec*es to spectes

it gigcentibitity of their culms to in-

icn by wood-eating insects. Although
{he culms of a few bamboos, notably Guadua
cngustifslia, apparently Have a relatively

res ls.ance to both wood-eatlng insects
T ot .ungl almost all appear to be more
o5s susceptible under certain conditions.
L iing to the observations of Plank,

fin the course of experx'nents carried ourt

e Federal Experlment Station at May-

suez, P. R,, there is a rather definite cor-
re Iauon between susceptibility to invasion
By waod-enting insects and the starck and

irivisture~ content of the wood of the culms,

RS ¥

A similarly correlated suscepfibility to rot
fungi probably exists.
Both the starch and tne m01sture contert

of the wosd vary with the species and thh

the age of the culm; especially during tk
‘1rst th years or so. Lhe starch content

Any reductxon of the

starch or rnoisture; or both; tends to reduce

the incidence of attack by wood-eating insects.
It has been found at the Federal Experimernt

Station in Pue1 t6 Rico that clump-curing

.

the culms is a natural and effective means
of reducing their susceptibility. 7he essen-

tial steps of this procedure ioliow:

Ik Sever each culm at the base but keep it in an upright positicn ir

2. Dust the fresh-cut lower end of the culm at once by patting it

with a dusting bag filled with a 5-percent (1:20) mixture of DDT and

talc.

3. By means of a block of stone cr brick or wood placed under it;

or a stick thrast into the lower end, raise each culm off the ground tc

prevent staining or deterioration of_the wood by fungi.
4. Permit culms to remain in this position for 4 to 8 weexs, dépend-

ing upon weather COndlthnS. The objective is to get the culms as dry

as possible before taking thern to the vicinity of buildings; where the

wood-eating insects usually abound. Caution should be obse~ +ed to pre-

vent the staining of the culms by rain after the tissues have hecome dry

snough to be readily permeable.

When they have been dried as much as

conditions perriit, the calms may be taken down and trimmed. As a

Specml precaution; dust all cut.surfaces at this point with 5-percent
mixture of DDT powder and tale. Finish the seasorning process in a

well-ventilated shelfer; do rict store seasoned bamboo culms in the open;

viliere they are exposed to rain and dew.

This seasoning procedure should be com-

pietpy effective in preventing invasion by

wood-eating insects during the period when .
the culms are most susceptxble. Dependmg

o rrovldé further protection. During long

per .ods of s orage for example perxodzc 7
with 5 percent DDT f:hisipered in water or
light oil is recommended. The schedule for
such treatments shox‘ld ve wor Rmd aqt for

the local cordi jor.. A six-mon

is ..xggested tehtatxvety as a starting point.

Effective protection of bamboo culms
against decay, whether in storage or in ser-

vicaz, can be accomphshed by guarding them

Egaxﬁst wetting by rain or by contact with
the soil; and by maintaining good ventilation.
No data are available on the effect’ve-

ness 9} any particular treatment for the nre-
vention of rot in bamboo culms whe'x they are
in contact with moist soil. To £ill thic gap

in our knowledge Dr G A Creat}jéuse

41
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&3 S:igqeéiea that experiments be carried
out to test the effectiveness of the insoluble
iorm of pentachlorophencl applied to the.soil

irripinging on the bamboos. Some of the
wtandard wood-preservation methods 2lso
rmight be applied, with proper consideration

being given to the phvsical characterisucs
of bamboos. :
For much useful information on preser-

vation of bamboo; consult the articles oy

and G. N, Wolcott listed in the biblicgraphy.

49
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Gleills raquxod in buxldlng with bami-

hoo are (e basic ones of the builder’s trade,
toukttior with others that relate particularly
o the pcculmrnws of bamboo as a material

ior house construction. Among the latter

ave thene—
judging the maturity, soundness; and
quality of bamboo culms.

Detérmmmg the suitability of a given

t.armboo for a given purpose. o
Sawing a bamboo culm without raising
splinters.
Joining and fastening bamboo ele-
se construction. )
g bamboo tubing, troughs, and

.

iivents in h
Mak
rooling ‘’tiles.
Splitting a bamboo culm into strlps
for lath; withes, and lashings.
Making bamboo boards.

Skill ﬁequxrememg

\Aeavmg bamboo lattices,; wattling,

and mattlng
Makmg bamboo shxnglcb

These and other techniques w111 be treated
fully in a general work on bamboo utl ilization
now under prepurahon.

In most areas where bamboo suitable for
building purposes occurs in sufiicient quan-
tities to justify its use, native artisans will

be found who are KCqU&lnted with the basic _

techniques of building with it. As suggested

elsewhere.in these pages, consultants on
housing and housing materials will do well

to acquaint themselves with these men and

thou— skllls und to work with thern in gettlng

iid on the building site:



Tool Requirements

H;iih’huo is rictorious for itS dulhﬁg elfect

on edyped tools. This effect is due to the
wilica with which the tissues are more or
less neavily timpregnated. The effectiveness
of cdg; -d tools wiil be mamtamed at a higher

leve l; arid the time consumed in sharpening

will be greatly reduced, if tools made of
xhr)’h}xdonun*t steel o an equally hard alloy
can be secured for working bamboo:

The tools essential to building with bam-

boo are relanvely fLW and s1mple. In fact,

Tool Use

Machete : : .. :::::: Miscellaneous: feiiing and

crated to ny extent, additional tools are re-

quired. Some of these may hacs t5 perform

work peculiar to ‘ne processing ¢f bambeo
and, for this reason, wouid not be avzilable
at the sources of standard carpentry tools.

The Chinese tub- and bucket-maker who uses .

bamboo as his raw material §E<iiures an ar-
ray of some thirty differeat tools and gadgets.
all of which are employed at one stage or
enother in thz mazas iring, cutting, fitting,

ar.d assembling of the various perts. With

the following too's, the stancard bamboo ele~
ments for building purposeés may be processed

and assembled:

Preference of the tiser de-

and tEiiﬁiﬁiﬁé 'c'u'iii'is' Eﬁa Eiit- cides type of blad ééiéé%écfi’

mg fragments of dxaphragms ommended.

from bamboo boards; etc.

Hacksaw ....... .. ﬁ-iiiﬁg 'cui'm's;, rer'n'bvi'rig

Ti'ipbaé or trestles . . Elevatmg culms and holdlng

with 18 and 24 teeth per inch:

May be made locally, follow=
ii’ig the jjafféi‘ﬁ Iﬁéﬁny ﬁi‘é—

length; cracking nodes: ferred.

. Cracking the rodes of large
c=lms to make boards:

L1ght we1ght ax with a nar-
row but thick, strangiy

wedge~shaped bit.

Hat:liet or small ax . . Crackmg thg nodes of small- S1m1lar to the ax, but smad-

er culms for making boards:

er in size and fitted with a
short handle.

Whetstone ... .:... Sharpening edged tools. Carborundum; coarse-grain-
ed on one side; fine on the
other.

Spud ool Removmg dxaphragm ir&g- tong handle; bi-osf.l blade set

boards.

mzats and excess soft wood
at basal end 5f bamboo

at an angle to operate paral-
le' with surface of board.
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Removing diaphragm frag-
nients and excess 2oIt wood

at basal end of bamtoo

v;-'e'rii'e'ritr,r but the adz is more
generally available.

. Removing diaphragms to

make }ib@gﬁs and drain pipes
from split or opened culms:

Making holes in culms to ac-

. comodate lashings for end

Wood rasps. . ... ...

Splitting jig . .....:

Splitting knives . : . .:

Rods of reinforcing
Steel.

Wire pincers. ... ...

ties:
Making hcoles to accomodate
bamboo pins or dowels.

Facilitating the splitting of
whole culms or sections into

{a) For splitting small culms.
(b) For making bamboo
withes.

Breaking out the diaphragms
of unsplit calms;

Standard desan; best-qual-
ity steel.

Curved {iront bent); l-inch
and 1 }inch Bits.

Best steel {molyLdencem
steel if aviailable); 3/4%incK
bit:

Hand- or power-driven driil;
mietal driiling bits, best steel,
assorted sizes, ! /8-~1,2 inch:

Large size, with one flat
side, one convex; cotrse, me-

See sketiches; fig. 24.

{a) Short handlc; broad blade

_({fig. 25 A). .

(b) Long Handle: blade bevel-
ed on one side only; to be
specially made {{ig. 25 B)..

Suggested minimurmm: one each
of 3/4 inch by 10 feet and 1/2
inch by 10 feet. Other dimen-
sions to meet special needs.
Hardwood or bamib¢io pole

may be substituted.

Conventional type with ]'66@,
narrow jaws and wire-cut-

ting feature.
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Differentiation and ©valuation of Species
Ctarebud' 1s e collective term here in- that together determine the suitability

cendet taindicg tre culrns {Qiei;\é)' or the their cuims, or the substance tz ereol, icr &
srocuel of ihe cuims; of any of a group em- © ‘given purpose. This goint will be recognized
Lracing many diffzrent kinds of grasslike at once as basic:
wosdy ,;IE&"“’?’}T&: term may Ep'pl)’) also to Once this principle is recogmzea the
living platits of any of the species on varie- next step is to become dcguainted with what
e n <O “is mg the g;onp Anyone who. kinds of bmnboo are availapie lccgliy and to
wis ;o to use bamboo or foster its use is learn how their characteristics relate them
advis Zd tprlgt'n;ﬂ to discnmmate between the to the existing need for buiiding matericls.
ndividial kinds, dnd their respective char- The following general suggestions &re in-
araci~vistics, ingtead of Ef\iﬁl{iﬁg vaguely of tended more as a systematic &riiysis of the

ambso as iﬁ{)hgh it were all one thing. He problem than as a hard arnd fast procedure
-,huu!d do so because the.different kinds of under any particular séi:bx circumstances:
bamboo are chardcterized by properties -

1. Witk the 016‘ of a local resident who knows the bamboos (preferably an artisan

who has some personal knowledge acquired through the actual use of bamboo

as building material, or through the fabrication of bamboo objects); study the

tocal bamboos—in friarkets; in shops where they are being fabricated, in

Hoiises whére they have been employed as bulldmg materials, and in tiie field

as lwing plants
a. Listall re(.ogmzable entities by local.- m’i; nes, ﬁotmg all of the namer

that are used mferchangeably for more than one kind. Distinguish

thiose that are applied in a general 5ense from those that are specific
b. Fstablish for each entity a numbered card or mibrmatloh sheet on

which to assemble and systematize information §ubsequently gathered,

with reference to docur enting specimens; photographs descriptive

niotes; and so forth, N
Document the identity and peculmntxes of each kind by niieans of stand-

o]

ardized samples from representative culms; and by means of pressed

and dried specimens, photographs sketches; and descriptions of the

diiferent parts of the plant. {For details with regard to structures

needed and the procedures to follow, see the section on how to collect

bamboos.) It will.be a great service to the cause of sc1ence ‘and to

those who are endéavorxng to extend and systematize the e:ustmg,

krnowledge of the various kinds of bamboos and their uses, if diplicates

of such material {specimens, photographs, and notés) can be sent to a

specialist for study, identification, and permanent preservatXOﬂ in &

tentrally located repository; such as the National Herbarium, Smiitli-

sonian Institution, Washington 25, D. C.
d. Learn to recognize and distinguaish the different kmds of bamboo under

as many different circamstances as possxble by means of the habit of

thn plaht the Cufm characterxstxcs the culm sheaths, and so forth:
&d locatly; checking by con-
ry among bamboo workers.

stant perconal observanon and repeated ing
I, list the Characterlstlcs of each kind as related to its suitability for
various uses in the local economy (add your own observatisis 16 those

of the local bamooo wquers).

-
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§. Restudy structures and objects made of bamboo with a view to—

{1) Confirming or eliminating listed uses as reported by the bambou

~ workers,
{(2) A qertnmmg the actual and relahve iurablhfv of the varicus

kinds in use as building materiai; causes of de®ezioration; pos—
51ble ixienns of increasmg durability cf parts or kinds that 31ve

\&; (3) Listing the chaf&éieriéﬁéé c;;' é&éh kx;xé Q; related to its suit-
abuxty ‘or vhnous uses

In <:li-a.wvnb aa sbe

*mht/ grider either actual or sxmuiatgd conditions of use:
outline for the tests; keep in mind the following possible variables that may
}i&v, a bearmg on the outcome oi the tests- Kmd of bamboo. age of culm, sea:

in soil and in &ir: The outline of such forma? te§ts snd the foi—ms ior .ecard-

ing data; should be checked by competent specmnsts in experimental de.sign.

I
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Collecting Specimens

re o deal, Lo botamcal units and
tial sourcces 5t usziul raw ma.t'riausr To

IR

ortant to coliect all bam-

cois o end,

i0s whiecher thev be in flower or not. A
siveted, labeled, and preserved

.ol the V(:“-.Tfu't.\'(. sfruct\.reb called

SropeTivosel

below will be
enns of recognining and describing a given
Darmtion a \d r‘vst.x.g nqh.r\g ic Irom other

tie average clump of b-irribco presents

{liower+ only once, &f ter many years of
_grc‘)wt i
Never mix rnuterml from two aistincf

»lasts under the samie number on the as-

sumprtion that they represent the same bam-

koo, Be wary lest you collect, under ore

{tcation

>-1 |
o,

9.’.

"«, |

)"1\

or

Lernboos SO
I ,LS o ap-

numoc , two or riore
losely bSaOC‘IEth in wne
puar to be all a part of the same plani, Such

mixtures can cause much -Lroh:lo

Make specimens [or permiarent preser-
vatxonr F’.a»;mentary pec:nﬂ.en.‘ collected.
irequently

cles '~r uew

turn out to represent new €
recorcs. Such specimens, o
mentary to be identifics wvith counlidence but

. too irag-

oy

I
Rl

0

too mtrxgumg *o r‘x»caro may be more cf &

To 1dcnt1iy a bambo'\ ceith confidence; one

should have as compleie & r.presentation as

possxble—b) specimens, photographs, or de-

scriptions—of the follewing structures: Culm

sheaths, leafy twigs, branch corm tement;

culm nodes, and interncdes and ralzomes.

FIowering branches; seei:b, and _,cedl ngs

Y

of the specxmen. Sﬁeeql'.ni,’s snd ST"(“l plants
may be pressed entire.

,C.Jlrr\Sheaths Collect at least ten culm sheaths; éér’ﬂﬁiéié and in

good condition, preIerabiy frorm nodes above the fifth node of a maturec-

sized culm; if possible; collect also several from mid~-culm nodes.

ark with node number and collector number. Préss flat: If too large

for the press, cut or fold to 10 by 15 iniches or less; keep all parts. if

you cannot snread a sheath without hreaking it; let it roll up and co not

press it: Tie paper over tips of unpressed sheaths to protect fragile

parts. Persistent sheaths may be left attached to a secttion of culm of

appropriate length, dried, and sent in thus: Young sheaths; if slencer

enough to dry readxly by artificial heat; may be sent in whole. The more

c()'rripiete the series and array of culm sheaths collected, the more re-

raole the zdcntxﬁcatxon can be. Represent the whole series as fully es

and diseased ( fany) Press prompfly, before the leaves curl

rs

thick and soft enough to prevent crinkling. At first change ‘of driers;

arrange ledaveés 56 that some show the upper surface; some the lowecr,

Branch Complenxent Get at least one typxcal example of a bro'\\.u\

e,1z,e. rnclude a segmenf of culm at least 12 inches long embrfymg the

selected branch comnlement. Cut off branches about 2 inches from

their base. Mark ’ri, e number and coliector number on culmi; THe calm

.segment may o= split and the part opposite the branch complement dis-




carded if space i< iiiiiiié&
part of culm, a

Culni Nodes a: id Inu-riiijdvé Culim nodr"
repreaented by :-hmnnt of Hiature-sized culni embracing nodes § and
> aboveground and the internode between: Mark u.*th hods and co“erto-

Cut back bruncnes 11 any to 6 m;hes

drid internodes arez best

HUY‘\U('I"\
l\thQrCug Oi;tam at least Grie complete exarple of ¢ rhiikinié' i

f(\glll(l-(_“;";)—t‘_r—{’nl( it is preferable to obtain two of iore units attacihed

topether to show typical branching habit, Wash and trisyzoots:

or tag with collector number. A iketch or pnoto showing oromc

Will serve in place of an actral oo

wiu rK
onoriicn

RS TIRY :.<:l -

and brdsckring Eavit,

ities are limited:
Flowering tiranches (if present;.

pcgéible to show range of ;Jq@i(xtiiih in

Collect as long a serie

ering branches s

stayes ot dcvelopme it, and so lorth.
) and put some in folded =
Dis&ibiﬂe snecinu-

tall q\nc}\x .
prvvv‘nt ]v‘ss.

snlut(-)v nec::ssnry to save pdpex dn net B ile rxrmr’ vpumrm«-wi\

bu; k(‘Qp thexn {n ongmal folders tcv avoid serisus

N

'foliovn .ng

near llmx ermg bamboo%.

arcn )lan(
P T

#vide: \Ce 5 their supposed relatlonahlp

vooy

B(iik’y’ epecimens that cannot be pressed

flat require special handling, Among these
are nodes and internodes, branch comple-
ments, rhizomes, and culm sheaths, espe-~
cially those that comie from large plants.
Always mark them properly with the node
number and collector number, either on a
clear surface or on a durable tag of cloth
or tough paper. De not put bulky specimens
in pres< thh 1e31y u/ms or. flowe;iﬁg thgS

or over fire. Keep them in open air as miue

as possible and do not wrap or store them

in closed containzr until thoroughly dry.
Minimal ncies should include data on the

(l) Hnblt of cliump and cuIm,

ndde (4) length and number aboveground of

longest internode (rﬁaké measurements on

largest accesslble spec1men eé.hmated

tion to ne- -est inhabited place and/cr point

11ings. Specxal Sear ch shOu]d brg.nad«{ iow

m case of oubt as to their ide!

nall seedlings is sufficient for identification if k

The ‘see d" é 111 attacued .o
Kept intact.

shown on avaxlab‘cr map, <o that it can be
found again; {6} habita:, {7) i8ci: nimes
(dialect), {8) local uses; {9} dat: ccilected
(10) collector's field numboer; and ‘11) ve
ernice to photos, sketches, ai.d o forth if
kept in separate 550K
Photographs are u.,eful fo. showing the

cal swump; and

'.-e:'er—

the fo! o«v.na fealures "ar"'\.mrly i vime
is insufficient for mx ¢ of tram:

Branch cdmplemexit Cuim .Acd 1:" f'\tg T~

itat p.éfures are usefl.l if the ni-hes of

assocxated 1t’xnts are res.o"de"‘, or
~ed pants are S
are « oa.r;y shown. He sure

to correlate photograpb numbers with col-
Lire is

lector numbers at tke tifie the pic

taken.

The si mples. sort of élz.grc.mmc.t c <
may be used to represent s¢ructu rec. that,

for good reasons; must be omiited °r e

..\peCImen.

({”
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